A fundamental investigation into the fatigue of elastohydrodynamic components by Kunz, Richard Kerr
GEORGIA INSTITUTE OF TECHNOLOGY 
OFFICE OF CONTRACT ADMINISTRATION 
SPONSORED PROJECT INITIATION 
Date:  April 24, 1979 





Project Director: Dr. Richard K. Kunz 
Sponsor: 
	
National Science Foundation 
Agreement Period: From 4/15/79 Until  9/30/81 (Grant Period)  
    




4,328 GIT (E-23-338) 
:136'300 TOTAL 
Reports Required: Annual Progress Report; Firml_Project_Report 
Sponsor Contact Person (s): 
Technical Matters  
NSF Program Officer 
Dr. Clifford J. As:ill, PrOra.:11 Director 
Solid !..Tscha:lies P7c ,:raT 
Engineering !,!echanics Section 
i)1.1;_u" el 
.1 Directorate i-er 
Sciences, ,: J Fn:incer: 
National Science Foundation 
Washington, D. C. 20550 
202/C=-57S7 
Defense Priority Rating: N/A 
Contractual Matters 
(thru OCA) 
NSF Grants Official 
ns. r9ry Frances O'Connell 
WE/BBS/SE Branch 
J: 	 ani 
Directorate for Administration 
National Science Foundation 




Engineering Science & Mechanics (School/Laboratory) 
  
Project Director 





Security Coordinator (OCA) 
Reports Coordinator (OCA) 
Ubrary, Technical Reports Section 
EES Information Office 
EES Reports & Procedures 
Project File (OCA) 
Project Code (GTRIJ 
Other 	  
GEORGIA INSTITUTE OF TECHNOLOGY 	 OFFICE OF CONTRACT ADMINISTRATION 
SPONSORED PROJECT TERMINATION SHEET 
Date 	July 12, 1983 
  
Project Title: Reseer-Ah-lnittiatrian - A Fundamental Investigation into the 
____Fatigue of ilastohydrodynamic Components _  
Project No: E-23-645 
Project Director: Dr. Richard K. Kunz 
Sponsor: 	National Science Foundation 
Effective Termination Date: g/in/R1 
Clearance of Accounting. Charges: 
Grant/Contract Closeout Actions Remaining: 
NONE 
El Final Invoice and ClosingDOcuments  
n Final Fiscal Report 
Final Report of Inventions 
Govt. Property Inventory & Related Certificate 
	 Classifier! Materii! Certifir_ite 
Other 




-COPIES 70:  
Administrative Coordinator 
Research Property Management 
Accounting  
Procurement/EES Supply Services 
    
Research Security_Serv . 
rd„ inator (OCA) 
Legal Services (0C 
Library 





FORM OCA 10:781 
Research Initiation 
A FUNDAMENTAL INVESTIGATION INTO THE 
FATIGUE OF ELASTOHYDRODYNAMIC COMPONENTS 
Annual Progress Report for 
National Science Foundation Grant No. ENG-7908006 
Period Covered: 4/15/79 - 4/14/80 
Richard K. Kunz, Project Director 
School of Engineering Science and Mechanics 
Georgia Institute of Technology 
Atlanta, Georgia 30332 
The primary objective of this investigation is to analytically 
determine the stress fields in the solid components of both two and three-
dimensional elastohydrodynamic systems, for the purpose of studying the 
fatigue of such components. The calculation of the pressure distributions 
on the surfaces of the solid bodies from experimental film thickness data, 
using a technique developed by the principal investigator and co-workers in 
a previous investigation, forms the basis for the analysis. 
The problem of determining the stress fields has been broken down into 
consideration of the stress boundary-value problems for four separate bodies , 
subjected to normal surface tractions: the infinite cylinder and the half-
plane in the two-dimensional case; and the half-space and the sphere in the 
three-dimensional case. In addition, it has been proposed that the effects 
on the stress fields due to tangential surface tractions, arising from shear-
ing of the lubricant in the conjunction between the bodies, be investigated 
for each of the four fundamental cases. During the period covered by this 
report, the following results have been obtained: 
The analysis necessary for computing stresses in the cylinder has been 
completed, and a computer program has been developed for their numerical eval-
uation. Preliminary results of these calculations have been reported (R. K. 
Kunz and G. M. Rentzepis, "The Stress Field Generated by a Cylinder Subjected 
to an EHD Process", Abstracts for Research in Progress, 16th Midwestern 
Mechanics Conference, Manhattan, Kansas, 1979). Consistent with Hertzian 
theory, it has been found that the maximum shear stress occurs below the 
surface of the cylinder, while the principal stresses, all compressive, reach 
their maxima at the surface. Furthermore, new calculations based on two-
dimensional film thickness data have been performed yielding pressure distri-
butions departing significantly from Hertzian. This is an indication that 
analyses by previous investigators, assuming the Hertzian pressure profile in 
the EHD zone, will yield erroneous stress magnitudes in these cases. 
Finally, the analytical work has been initiated for determining stresses 
in the half-plane due to the computed pressure distributions. 
For the three-dimensional case, an existing program for calculating 
pressure distributions from experimental film thickness data has been 
refined and modified to yield three-dimensional plots of the pressure. 
Several sets of pressure distributions have been calculated from available 
film thickness data. These pressure fields are appropriate for use in 
finding the stresses in the half-plane and the sphere. 
The analysis for the determination of the stresses in the half-space 
for a three-dimensional pressure loading has been completed, and a computer 
program is currently under development for numerical evaluation of the 
stresses corresponding to the computed pressure profiles. In addition, 
some preliminary analytical work for the stress field in the sphere has 
been initiated. 
The major problem facing the project at this point is a lack of avail-
able, detailed film thickness data for the two-dimensional case. Because 
this configuration presents experimental difficulties not present in the 
three-dimensional system, apparently fewer film thickness measurements have 
been done for this case. Conversely, however, pressure and stress calculations 
in two dimensions are much simpler, and at least an order of magnitude less 
expensive on the computer. Hence, these results are of importance not only 
for their own sake, but also for the possibility of generalizing their con-
clusions to the more difficult three-dimensional case. However, many meaning-
ful conclusions appear to be within reach even from the few sets of data 
currently available, and the search continues for more data. 
A second potential problem is anticipated from the preliminary analytical 
work done on the sphere. The analytical results are sufficiently involved 
that An undue amount of computer time may be required for their numerical 
evaluation. However, it is anticipated that, based in part on results 
obtained from the two-dimensional case, an order-of-magnitude analysis may 
significantly simplify the results and facilitate more practical computation. 
In the coming year, it is projected that stresses in the half-plane due 
to normal surface tractions will be computed. In addition, a good estimate 
of the effect of tangential surface tractions on the stresses in the cylinder 
and half-plane will be incorporated into the results. It is hoped that 
sufficient film thickness data for the two-dimensional case will be obtained 
so that stress fields for a wide range of operating conditions (loads and 
speeds) may be computed. 
In the three-dimensional problem, numerical results for the stresses in 
the half-space subjected to pressure loading will be computed. In this pro-
blem also, the effects of tangential surface tractions will be quantitatively 
evaluated. It is anticipated that comparable results for the sphere, at 
least for the normal loading, will also be obtained. 
In addition, more work needs to be done in determining the essential 
information to be extracted from the stress field in order to shed further 
light on the possibilities of fatigue failure of elastohydrodynamic components. 
Comparison of these results with results of previous investigations, particular-
ly with regard to cases in which pressures significantly depart from the 
Hertzian case, will also be sought. 
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